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(Document Designation) Specification 

Title of the Invention 

Detectant for halogen compounds and 
method for detecting halogen compounds 

Claims 

Detectant for halogen compounds, Whose color indicator component is 

Claim 2. Detectant for halogen compounds, whose color indicator component is 
Bromocresol Green. 

Claim 3. Detectant as described in claim 1 or 2 for halogen compounds, wherein 
the aforesaid color indicator component is supported on granular active alumina. 

Claim 4. Method for detecting halogen compounds, in which detectant as described 
in any of claims 1 to 3 is brought into contact with analyte gas that can contain halogen 
compound, wherein said contact is effected with the detectant disposed in a position 
that enables its external visual inspection. 



Claim 1 . 
curcumin. 
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Claim 5. Method for detecting halogen compounds in which, during the treatment of 
a substrate gas that is flowing from the lower end of and through a container packed 
with solid treatment agent that can remove or decompose halogen compounds, 
deterioration of the aforesaid solid treatment agent is evaluated by the detection of 
halogen compound by external visual inspection of detectant according to any of claims 
1-3 disposed in a layer overlying the aforesaid solid treatment agent. 

Detailed Description of the Invention 

[0001] 

Field of the Invention 

This invention relates to a detectant for halogen compounds wherein the color indicator 
component in the detectant is curcumin or Bromocresol Green. This invention also 
relates to halogen compound detection methods that use these detectants. This 
invention is useful for evaluating breakthrough in the solid treatment agents used to 
remove the halogen compounds employed in, for example, semiconductor fabrication 
facilities. It is also useful for determining the leakage of said halogen compounds. 
[0002] 

Description of the Prior Art 



Gases containing halogen compounds such as F2, Cl 2 , CIF3, HF, BrF 5 , SiCI 4 , etc., have 

numerous applications in the chemical industry — most prominently in semiconductor 
fabrication plants — arising from exploitation of the high reactivity of the halogen atom. 
These applications also result in the production of numerous halogen compounds as 
reaction products. Many of these halogen compounds are highly reactive and many are 
very hazardous and highly toxic. As a consequence, gases containing these halogen 
compounds cannot be directly discharged into the atmosphere and atmospheric release 
after decontamination in a decontamination facility is required. 

[0003] 

The known decontamination facilities include facilities that remove or decompose the 
halogen compound by a wet process, for example, alkali scrubbers, and facilities that 
employ a dry treatment using a solid treatment agent (solid reagent or adsorbent). Solid 
treatment agents have a certain life (breakthrough time) due to such factors as catalyst 
poisoning, reaction-based ageing, adsorptive saturation, etc., and it is therefore 
necessary to carry out halogen compound detection at the downstream side in order to 
monitor the deterioration of the solid treatment agent. 

[0004] 

The use of a detectant that changes color in the presence of halogen compound is a 
simple method for detecting halogen compounds. For example, detectant whose color 
indicator component is molybdate salt is known for use with dichlorosilane. 



Patent Application 2000-025331 



Page 7 / 20 



[0005] 

Problems to Be Solved by the Invention 

A detectant that effectively changes color at low concentrations and is sensitive to the 
broad. range of halogen compounds used in semiconductor fabrication plants has been 
unknown to date. In addition, curcumin and Bromocresol Green have heretofore been 
known only for the detection of boron and as the color indicator component in pH 
indicators. 

[0006] 

Therefore, an object of this invention is to provide a detectant that effectively changes 
color at low concentrations and that is useable with a broad range of halogen 
compounds. An additional object of this invention is to provide a method for detecting 
halogen compounds that uses this detectant. 

[0007] 

Means Solving the Problems 

In order to achieve these objects, the inventors carried out extensive investigations into 
the applicability of a broad range of color-forming compounds. It was discovered that 
the aforementioned objects could be achieved by the use of curcumin or Bromocresol 

i 

Green as the color indicator component. This invention was achieved based on this 
discovery. 



[0008] 

In specific terms, the inventive detectaht is a detectant for halogen compounds whose 
color indicator component is curcumin, or is a detectant for halogen compounds whose 
color indicator component is Bromocresol Green. 

[0009] 

The aforementioned color indicator components are preferably supported on granular 
active alumina. 

[0010] 

One inventive method for detecting halogen compounds comprises bringing any of the 
above-specified detectants into contact with analyte gas that can contain halogen 
compound, wherein said contact is effected with the detectant disposed in a position 
that enables its external visual inspection. 

[0011] 

Another inventive method for detecting halogen compounds is applied during the 
treatment of a substrate gas that is flowing from the lower end of and through a 
container packed with solid treatment agent that can remove or decompose halogen 
compounds, and comprises evaluation of the deterioration of the aforesaid solid 
treatment agent by the detection of halogen compound by external visual inspection of 



any of the above-described detectants disposed in a layer overlying the aforesaid solid 
treatment agent. 

[0012] 

Function 

As shown by the results in the examples, the inventive detectant, because it employs 
curcumin or Bromocresol Green as its color indicator component, can effectively change 
color at low concentrations for a wide range of halogen compounds. 

[0013] 

Supporting the above-specified color indicator components on granular active alumina 
functions to increase the effective area of contact by the color indicator component and 
to facilitate visual inspection of the change in color and as a consequence functions to 
improve the detection sensitivity. This tactic also provides a good flowability for the ' 
analyte gas. 

[0014] 

The one inventive detection method, because it effects contact between detectant as 
specified above and analyte gas that can contain halogen compound with the detectant 
disposed in a position that permits its external visual inspection, can effectively detect a 
wide range of halogen compounds at low concentrations. 
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[0015] 

The other inventive detection method, by the simple tactic of disposing detectant as 
specified above in a layer overlying the solid treatment agent, can effectively detect low 
concentrations of a wide range of halogen compounds that may be present in the post- 
treatment gas. This enables the secure and reliable monitoring of deterioration of the 
solid treatment agent. 

[0016] 

Embodiments of the Invention 

The detectant for halogen compounds and the method for detecting halogen 
compounds will be explained in sequence in the following using embodiments of this 
invention. 

[0017] 

The detectant for halogen compounds 

The halogen compounds detectable by the present invention when curcumin is used as 
the color indicator component can be exemplified by Sih^Ck, HF, F2, HBr, CI2, CIF 3 , 

TiCU, BCI3, and HI. The detectable halogen compounds when Bromocresol Green is 

used as the color indicator component can be exemplified by SiH2Cl2, HF, CI2, BCI3, 

SiHCI 3 , BF 3 , SiF 4) SiCI 4 , and WF 6 . 
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[0018] 

Curcumin is a type of diketone, has the chemical formula C21H20O6, and presents as 

orange crystals with a melting point of 183°C. It is used for the detection of boron and 
as the color indicator component of pH indicators. Curcumin has a yellowish orange 
color when supported in suitable amounts on a carrier. 

[0019] 

Bromocresol Green has the chemical formula CaiHuB^OsS and presents as colorless 

crystals with a melting point of 217°C. It is used as the color indicator component of pH 
indicators. Bromocresol Green has a blue color when supported in appropriate 
amounts on a carrier such as active alumina. 

[0020] 

In either case these color indicator components are preferably supported on or bound to 
granular material for use as detectant. Their use supported on a granular porous carrier 
is even more preferred. A variety of carriers can be used here, such as alumina, silica 
gel, and diatomaceous earth, and the carrier is preferably white.. It is for these reasons 
that granular active alumina is preferred. The particle size of the granular carrier is 
preferably 2-5 mm. 

[0021] 

The color indicator components under consideration can be supported on the carrier by 
any method. This can be done by well-known methods, for example, the curcumin or 



Bromocresol Green can be dissolved in a suitable solvent, such as an alcohol; the 
carrier can be impregnated with the resulting solution; and the solvent can then be dried 
off. When the color indicator component is used supported on a carrier, the amount of 
color indicator component supported is preferably 0.001 to 0.1 weight%. Discrimination 
of any color change becomes problematic when the supported amount is too large. 
When, however, too little is supported, almost no change in color will be seen even 
upon contact with halogen compound. 



[0022] 

The color indicator component can also be supported on or bound to, for example, 
fibers, textiles, and porous membranes. In these cases, just as for the carriers already 
described above, a solution of the color indicator component can be impregnated into or 
applied to the substrate and the solvent can then be dried off. In order to avoid 
discoloration, the inventive detectant is preferably stored, for example, in a vinyl bag, 
protected from humidity and direct sunlight. 



[0023] 

The method for detecting halogen compounds 



The inventive detection method comprises effecting contact between the detectant and 
analyte gas that can contain halogen compound, wherein said contact is effected with 
the detectant disposed in a position that enables its external visual inspection. In 
specific terms, the detectant under consideration can be filled, just as for prior-art 



detectants of this type, into a tube (column) at least a portion of which is transparent, 
and the analyte gas, for example, a post-decontamination effluent gas, can be passed 
through this column at a suitable flow rate. 

[0024] 

The temperature during this contact can be the ambient temperature, but the hot 
conditions employed during decontamination (for example, 60-80°C) can also be used. 
The analyte gas may be treated in advance with a drying agent since in some cases a 
color change can occur when moisture is present in the analyte gas. The column is 
preferably positioned so as to avoid direct exposure to sunlight. 

[0025] 

A preferred embodiment of this invention (shown in Figure 1) is applied during the 
treatment of a substrate gas that is flowing from the lower end of and through a 
container 2 packed with solid treatment agent 1 that can remove or decompose halogen 
compounds. In this preferred embodiment, deterioration of the solid treatment agent 1 
is monitored by the detection of halogen compound by external visual inspection of 
detectant 3 disposed in a layer overlying the solid treatment agent 1 . 

[0026] 

A support plate 4 is disposed in the container 2: this support plate 4 has the ability to 
disperse the substrate gas and support the solid treatment agent 1. An observation 
window 2a that enables external visual inspection of the detectant 3 is provided in the 
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peripheral wall of the container 2. As necessary, a heating means (not shown) for 
heating to the temperature used for removal or decomposition of the halogen compound 
is provided, for example, within the container 2 or on the circumference thereof. 

[0027] 

The solid treatment agent 1 can be, for example, a known decomposition catalyst, solid 
reagent, or adsorbent for removal or decomposition of halogen compound. It is suitably 
heated by a heating means to the temperature required by the particular type, and the 
amount of solid treatment agent 1 (fill height) and substrate gas feed flow rate are 
determined as appropriate. 

[0028] 

The fill height of the detectant 3 is preferably at least 50 mm, and the amount of halogen 
compound discharge can be inferred to a certain degree as a function of the speed of 
color change by the detectant 3. This makes it possible to change out the solid 
treatment agent 1 at suitable intervals by setting up an equivalence in advance between 
the speed of color change by the detectant 3 and the exchange interval made 
necessary by deterioration of the solid treatment agent 1 , this being done in 
correspondence to the type of solid treatment agent 1 ; etc. In addition, by having 
determined the height of the color change with reference to the threshold limit value 
(TLV) according to the ACGIH (1988), the halogen compound concentration in the 
effluent gas can be maintained at a concentration lower than the TLV. 



[0029] 

Examples 

Working examples that specifically illustrate the structure and advantageous effects of 
this invention are described below. 

♦ 

[0030] 

Example 1 

0.5 g curcumin powder was dissolved into 2.5 L ethanol with stirring followed by the 
addition of 5 kg active alumina (diameter about 4 mm); stirring was continued until the 
active alumina assumed a uniform orange color. This colored active alumina was 
separated from the solution and the residual ethanol was thoroughly removed at 
approximately 60°C in a dryer. The product was a yellowish-orange detectant whose 
color indicator component was curcumin (amount supported = 0.01 weight%). 

[0031] 

This detectant was filled to a height of approximately 50 mm into transparent glass 
tubes (inner diameter = 50 mm). The post-transition color and the minimum 
concentration triggering a color change were investigated by successively feeding 
gases (1 L/minute, ambient temperature) containing different concentrations of halogen 
compound (Table 1) and visually monitoring the color change. The results are reported 
in Table 1. 
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[0032] 

Table 1 . 



halogen compound 


color 


detection sensitivity (ppm) 


SiH 2 CI 2 


dark green 


5 


HF 


yellow 


3 


F 2 


white 


1 


HBr 


white 


3 


Cl 2 


white 


0.5 



Example 2 (Bromocresol Green) 



1 g Bromocresol Green powder was dissolved into 2.5 L ethanol with stirring followed by 
the addition of 5 kg active alumina (diameter about 4 mm); stirring was continued until 
the active alumina assumed a uniform blue color. This colored active alumina was 
separated from the solution and the residual ethanol was thoroughly removed by drying 
at ambient temperature. The product was a blue detectant whose color indicator 
component was curcumin (amount supported = 0.02 weight%). 

[0033] 

This detectant was filled to a height of approximately 50 mm into transparent glass 
tubes (inner diameter = 50 mm). The post-transition color and the minimum 
concentration triggering a color change were investigated by successively feeding 
gases (1 L/minute, ambient temperature) containing different concentrations of halogen 



compound (Table 2) and visually monitoring the color change. The results are reported 
in Table 2. 

[0034] 



Table 2. 



halogen compound 


color 


detection sensitivity (ppm) 


SiH 2 CI 2 


white 


5 


HF 


white 


3 


Cl 2 


white 


0.5 


BCI 3 


white 


5 


S1HCI3 


white 


5 


BF 3 


white 


1 



Example 3 

A solid treatment agent was filled to a height of 300 mm into a decontamination column 
(inner diameter = 150 mm) as shown in Figure 1 , and the detectant prepared in 
Example 1 was filled as an overlying layer thereon to a height of approximately 50 mm. 
While this detectant was visually inspected from the outside, substrate gas comprising 
2,000 ppm F 2 in nitrogen was introduced at 20 L/minute from the bottom of the 

decontamination column in order to carry out a treatment in which the F 2 was reactively 
fixed at ambient temperature. 

[0035] 
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The color began to change to white from the lower region of the detectant fill layer after 
about 90 minutes. At the point at which the color change had reached the 80% position, 

the F2 concentration in the effluent gas was measured using a fluorine analyzer based 

on membrane electrode technology. The result was 0-0.5 ppm, which was lower than 
the TLV value. It was also confirmed that the capacity of the solid treatment agent at 
this point was nearly saturated. 

Brief Description of the Drawings 

Figure 1 contains a front elevation that illustrates an apparatus that uses the detection 
method according to the present invention. 

Reference symbols 

1 solid treatment agent 

2 container 

2a observation window 

3 detectant 
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(Document Designation) Drawings 



Figure 1. 



effluent gas 




t 



substrate gas 
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(Document Designation) Abstract 

Abstract 

(Problem) 

To provide a detectant that effectively changes color at low concentrations and that is 
useable with a broad range of halogen compounds. Also, to provide a method for 
detecting halogen compounds that uses this detectant. 

(Solution) 

Detectant for halogen compounds, whose color indicator component is curcumin or 
Bromocresol Green. Said color indicator component is preferably supported on a 
granular active alumina carrier. 

(Selected Drawing(s)) None 
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